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Abstract 

Ghost condensates of dimension two are analysed in a class of 
nonlinear gauges in pure Yang- Mills theories. These condensates are 
related to the breaking of the SL{2, R) symmetry, present in these 
gauges. 
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1 Introduction 



Recently, great attention has been devoted to pure Yang-Mills theory quan- 
tized in nonlinear gauges, the aim being that of obtaining insights about 
the nonperturbative infrared behavior. For instance, the so called Maxi- 
mal Abelian gauge [TJ |2] has been extensively studied in the context of the 
Abelian dominance hypothesis, according to which the relevant low energy 
degrees of freedom for Yang- Mills should be described by an effective abelian 
theory with the addition of monopoles. The condensation of the monopoles 
should account for the confinement of the chromoelectric charges, according 
to the dual superconductivity mechanism |TJ |3] . 

The Maximal Abelian gauge, being a nonlinear gauge, requires the in- 
troduction of a four ghost interaction term, needed for the renormalizability 
of the model [U Ej. As a consequence, a nontrivial vacuum state arises 
EH El E3- corresponding to a nonvanishing value for the ghost condensates 
^i a p c a c p\ ^iap-a^y (jiapj*^ and ^ a c a ), where the index % labels the 

(N — 1) diagonal generators of the Cartan subgroup of SU (N), and a, (3 the 
N(N — 1) off-diagonal generators. These condensates turn out to display 
rather interesting features. They modify the behavior of the off-diagonal 
ghost propagator in the infrared region |H1 |H] and lower the vacuum energy 
density, being interpreted as a low-energy manifestation of the trace anomaly 
Tjf), which is related to the gluon condensate (aF 2 ). 

The aim of this work is to investigate the existence of the ghost con- 
densates (^f ia ^c a c^, ^/* a/3 c a c /3 ^> in another class of nonlinear gauges JU] 
containing a ghost self-interaction term, usually referred as the Curci-Ferrari 
gauge [TTj IT2l ITS] . This point could be of some help in order to improve our 
understanding of the meaning of these condensates. Our analysis shows that 
these condensates seem not to be related to a specific gauge, as the Maximal 
Abelian gauge, being present also in the Curci-Ferrari gauge. As pointed 
out in , both the Maximal Abelian and the Curci-Ferrari gauge display a 
SL(2, R) symmetry whose generators act nontrivially on the Faddeev- Popov 
ghosts, while leaving the gauge fields unchanged. It turns out indeed that the 
ghost condensates Cf %a Pc a cP\ (^f ial3 c a c^ } (^f ial3 c a c^ are precisely related to 
the dynamical breaking of SL(2,R). It is worth mentioning here that the 
breaking can occur in different channels, according to which generators are 
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broken. More specifically, the three generators of SL(2,R), namely S, S and 
5fp are known [15 j to obey the algebra 6,5 = 5fp, where 5fp denotes the 

ghost number. The condensate (^f tal3 c a c^ in the Curci-Ferarri gauge has 
been discussed by [TH] and corresponds to the breaking of the generators S, 
5. In the present work we shall analyse the other condensates ^/ m/3 c c /3 ^>, 

(^f ta(3 c a c^ which are related to the breaking of (5, 5fp) and of (S, 5fp), re- 
spectively. We remark also that the existence of different channels for the 
ghost condensation has an analogy in superconductivity, known as the BCS 1 
versus the Overhauser 2 effect jT7| . In the present case the Faddeev- Popov 
charged condensates lp a ^c a c^j, (^f tal3 c a c^ would correspond to the BCS 

channel, while (^f iat3 c a c^ to the Overhauser channel. 

Although the analysis of the condensate (c a c a ) is out of the aim of the 
present work, we underline that, in the Maximal Abelian gauge, it is believed 
to be part of a more general condensate, namely f~ (^A°A >Ma ' K j — £ (c a c a )^j, 
where £ denotes the gauge parameter. This condensate has been proposed in 
[THj due to its BRST invariance. It is expected to provide effective masses for 
both off-diagonal gauge and ghost fields [13 HB], thus playing a very important 
role for the Abelian dominance. It is useful to note here that the operator 
(j^A 2 — £ccj generalizes to the Curci-Ferrari gauge, displaying the important 
property of being multiplicatively renormalizable [T§1 12U]. 

The paper is organized as follows. In Sect. 2 we present the model and 
its BRST quantization. Sect. 3 is devoted to the evaluation of the one-loop 
effective potential for the ghost condensates and to the study of the vacuum 
configurations. 



2 Yang-Mills in nonlinear gauges 

Let us begin by reviewing the quantization of pure SU(N) Yang-Mills in the 
Curci-Ferrari gauge. The gauge fixed action turns out to be 

S = Sym + S'gf , (2.1) 
where Sym is the Yang- Mills action 

Sym = -\ J d'xF^F^ , 

1 Particle-particle and hole-hole pairing. 
2 Particle-hole pairing. 
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and S g f denotes the nonlinear gauge fixing term with the quartic ghost in- 
teraction 



(2.2) 



Sgf = sj d A x (c a dA a + |c a 6 a - ^gf abc c a ^c c ^j 
= J d 4 x f& a d^ a + h) a b a + W (D M c) a 

_i g fabc b a-b c c _ i g 2jabc-a-bjcmn c m c n^ _ 

The color indices run here over all generators of SU(N), i.e. a,b,c— 1, N 2 — 
1. The operator s is the nilpotent BRST operator acting on the fields as 

sAl = - (D,c) a , sc a = 9 -f abc c b c c , (2.3) 

sc a = b a , s b a = 0," 

and 

F% = d,Al-d u Al + gf abc AlAl, (2.4) 

(ZVr = d,c a + gf abc Ay . 

Notice that expression ()2.2|) contains a unique parameter £. Moreover, as 
already mentioned, in addition to the BRST invariance, the model displays 
a further global SL(2,R) symmetry [T5] . The corresponding generators 5, 5 
and 5fp are given by 

Sc a = c a , Sb a = 9 -f abc c b c c , (2.5) 
<L4« = 0, 5c a = 0, 



5c a 



8AI 



and 



56 a 
5c a = 



2 J 



S FpC a = c a , 5 FP c a = -c a 
5 FP A a u = 0, <W6 a = 0, 



(2.6) 



(2.7) 
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with 

'5,5] = 5 FP . (2.8) 

As proven in ^2], the BRST symmetry together with the S invariance are 
sufficient to ensure the perturbative renormalizability of the model, meaning 
that the gauge-fixing (J2.2j) is stable under radiative corrections. 

3 The ghost condensates 

In order to study the ghost condensates ^/ abc c a c b ^>, (^f abc c b c c ^j we first elimi- 
nate the Lagrange multiplier field b a . From 

^ = dpA" + ib a - ^gf abc c b c c , (3.9) 

we get 

S = S Y u + J d 4 x (-^ (dA a ) 2 + c a d» (D M c) a + g -f abc dA a c h c^i (3.10) 

+ J d 4 x (-^g 2 (/ o6c c 6 c c ) (f amn c m c n ) - ^g 2 (/ afec c a c 6 ) (f cmn c m c n )^ . 
Using the Jacobi identity 

(/ abc cV) (f amn c m c n ) = -- (/ afec c a c fc ) (f cmn c m c n ) , (3.11) 

it follows 

S = S YM + Jd*x^-^(dA a ) 2 +c a d»(D^c) a + ^f abc dA a c*c^ 

-J d 4 x (^g 2 (/ abc c a c fe ) (/ cmn c m c n )^J . (3.12) 

To evaluate the one-loop effective potential for the ghost condensation we 
introduce auxiliary fields a a , a a with ghost number 2 and —2, so that 



1 
16 

where 



- (f abc c a J) (f^c m c n ) => (3.13) 



1 7f a rr a 

L ™ = ~Jg~2 + CC - —} C C . (3.14) 



The relevant part of the action for the evaluation of the one-loop effective 
potential is given by 



^- uad = ( d A x[ —^0*0" + c a d 2 c a + °-r hc c h c c - ^-f abc c b c c 
J \ £g 2 4 4 

where M ah denotes the (iV 2 — 1) x (A^ 2 — 1) matrix 



(3.15) 



M ~ y l w c f cab J • ^.lo) 

For the one-loop effective potential we get 

V eS {a,a) = 7^cr a a a + ^trlogdetM a, \ (3.17) 

where cr",^ have to be considered constant fields and where we have factor- 
ized the space-time volume. 

Let us proceed by working out in detail the example of SU(2). In this 
case, we have f abc = e abc (e 123 = 1), and M. ab is a 6 x 6 matrix. After a 
simple computation one has 

V-^) = ^ ff V. + . i /|^>og((F) 2 + ^) . (3.18) 

From 

/ §? iog ((*)' + ^) - ^ (4 - 2 ~» + 2i °^ - 1 °4 + 3 ) • 

(3.19) 

and making use of the minimal subtraction scheme, the effective potential 
V cS (cr, a) is found to be 

1 1 a a 7T a ( rr a 7f a \ 

V eS (a,a) = —,(J a a a + — - — - log— — % 3 + 2 7 . (3.20) 

1 } ig 2 32vr 2 4 V S 4(47r) 2 /i 4 7 

Let us look now at the minimum of the potential ()3.2()j) . It is given by the 
condition 

<n An = 64 7 rVe( 2 - 2 -> exp \ , (3-21) 



which is physically consistent for any £ > 0. Setting now 



a a = aS' 



a a = a8' 



(3.22) 



for the vacuum configuration we obtain 



0", 



mm 



mm 



647rVe (2 - 27) 



exp 



( 



128 7T 2 

T7 



) 



(3.23) 



The nontrivial minimum configuration ()3.23|) means that the local operators 
e 3bc c b c c , e 3bc c b c c acquire a nonvanishing vacuum expectation value, implying 
a dynamical breaking of SL{2, R). Indeed 



Observe also that the vacuum configuration (|3.22j) . (|3.23|) leaves invariant 
the Cartan subgroup U(l) of SU(2), in analogy with the Maximal Abelian 
gauge. 

It remains now to face the important question of the stability of the 
nontrivial vacuum 1)3.23)1 . whose physical meaning relies on the existence of a 
positive value for the parameter £, which plays the role of a coupling constant 
for the quartic ghost self-interaction. A natural choice for the parameter £ 
would be given by the fixed point of the corresponding renormalization group 
function (3^. This would require the knowledge of the existence of a nonper- 
turbative fixed point for £, which is beyond our present possibilities. How- 
ever, it worth to remind that a detailed analysis of the renormalization of the 
Curci- Ferrari gauge has been performed at one-loop level by [TP] . Recently, 
the authors [20| have worked out the two and three loops contributions. In 
particular, according to 120] > the running of £ at one- loop order is found 
to be 



showing that the value £ = 26/3 is a fixed point, matching the requirements 
for a nontrivial vacuum. Although one cannot provide a definitive answer, 
these results give evidences for the existence of the ghost condensation in the 
Curci-Ferrari gauge. 




(3.24) 




(3.25) 



7 



Acknowledgments 



The Conselho Nacional de Desenvolvimento Cientifico e Tecnologico CNPq- 
Brazil, the Fundagao de Amparo a Pesquisa do Estado do Rio de Janeiro 
(Faperj), the SR2-UERJ and the MIUR- Italy are acknowledged for the finan- 
cial support. M. Picariello is grateful to the Theoretical Physics Department 
of UERJ for kind hospitality. The work of A.R. Fazio was supported by EEC 
Grant no. HPRN-CT-1999-00161 and partially by Fondazione "Angelo Delia 
Riccia"-Ente morale. 



References 

[1] G. 't Hooft, Nucl. Phys. B190 [FS3] (1981) 455. 

[2] A. Kronfeld, G. Schierholz and U.-J. Wiese, Nucl. Phys. B293 (1987) 
461; A. Kronfeld, M. Laursen, G. Schierholz and U.-J. Wiese, Phys. 
Lett. B198 (1987) 516; 

[3] Y. Nambu, Phys. Rev. D10 (1974) 4262; G. 't Hooft, High Energy 
Physics EPS Int. Conference, Palermo 1975, ed. A. Zichichi; S. Mandel- 
stam, Phys. Rept. 23 (1976) 245. 

[4] H. Min, T. Lee and PY. Pac, Phys. Rev. D32 (1985) 440. 

[5] A.R. Fazio, V.E.R. Lemes, M.S. Sarandy and S.P. Sorella, Phys. Rev. 
D64 (2001) 085003. 

[6] M. Schaden, Mass Generation in Continuum SU(2) Gauge Theory in 
Covariant Abelian Gauges, hep-th/9909011; Mass Generation, Ghost 
Condensation and Broken Symmetry: SU(2) in Covariant Abelian 



Gauges, talk given at Confinement IV, Vienna, 2000, hep-th/0108034 
SU(2) Gauge Theory in Covariant (Maximal) Abelian Gauges, talk pre- 
sented at Vth Workshop on QCD, Villefranche, 2000, hep-th/00030301 

[7] K.-I. Kondo and T. Shinohara, Phys. Lett. B491 (2000) 263. 

[8] V.E.R. Lemes, M.S. Sarandy and S.P. Sorella, Ghost Number Dynami- 
cal Symmetry Breaking in Yang-Mills Theories in the Maximal Abelian 
Gauge, |hep-th/020625Tl 



8 



D. Dudal and H. Verschelde, On ghost condensation, mass generation 
and Abelian dominance in the Maximal Abelian Gauge, hep-th/0209025 

R. Delbourgo and P.D. Jarvis, J.Phys. A15 (1982) 611; L. Baulieu and 
J. Thierry-Mieg, Nucl.Phys. B197 (1982) 477. 

G. Curci and R. Ferrari, Nuovo Cim. A32 (1976) 151; Phys.Lett. B63 
(1976) 91. 

F. Delduc and S.P. Sorella, Phys.Lett. B231 (1989) 408. 

J. de Boer, K. Skenderis, P. van Nieuwenhuizen and A. Waldron, 
Phys.Lett. B367 (1996) 175; A. Blasi, N. Maggiore, Mod.Phys.Lett. All 
(1996) 1665. 

D. Dudal, V.E.R. Lemes, M. Picariello, M.S. Sarandy, S.P. Sorella, H. 
Verschelde, On the SL(2,R) symmetry in Yang-Mills Theories in the 
Landau, Curci-Ferrari and Maximal Abelian Gauge, hep-th/0211007, 
J HEP 12 (2002) 008. 

I. Ojima, Z.Phys. C13 (1982) 173. 

K.-I. Kondo, Spontaneous breakdown of BRST supersymmetry due to 
ghost condensation in QCD, hep-th/0103141, 

B.-Y. Park, M. Rho, A. Wirzba, I. Zahed, Phys. Rev. D62 (2000) 
034015. 

K.-I. Kondo, Phys. Lett. B514 (2001) 335; K.-I.Kondo, T.Murakami, 
T.Shinohara, T.Imai, Phys. Rev. D65 (2002) 085034. 

K.-I.Kondo, T.Murakami, T.Shinohara, T.Imai, Phys. Rev. D65 (2002) 
085034. 

JA. Gracey, Three loop MSbar renormalization of the Curci-Ferrari 
model and the dimension two BRST invariant composite operator in 
QCD, pIep^th/0211144 



R.E. Browne, JA. Gracey, Phys. Lett. B540 (2002) 68-74. 



9 



